To study the role of boswellic acid in reducing asthma phenotype severity and the relationship between the expression of pSTAT6 and GATA3, thirty-six mice were randomly divided into normal control group, asthma group, and boswellic acid group (treatment group). The asthma model was established through an intraperitoneal injection of sensitization liquid (0.15 mL aluminum hydroxide gel at 88.67 mg/ mL and 0.05 mg ovalbumin). pSTAT6 and GATA3 expression levels in peripheral blood were detected by reverse transcription-polymerase chain reaction and Western blot analysis. pSTAT6 and GATA3 gene expressions in the asthmatic group were significantly higher than in the normal control group; they were markedly lower in the treatment group than the asthma group, and there was no significant difference when compared with the normal control group. The pSTAT6 expressions in the asthma, control and treatment groups were 2.256 ± 0.125, 0.524 ± 0.210, and 0.897 ± 0.134 at gray level, respectively. The GATA3 expressions in the asthma, control, and treatment groups were 3.521 X. Zhou et al.
INTRODUCTION
Bronchial asthma is a common allergic disease caused by immune deficiency. Immune system has a predominant Th2-type response to bronchial asthma, which involves a variety of inflammatory cells. Its pathogenesis is closely linked to the changing ratio of Th1/Th2 cytokines and mainly depends on increasing Th2 cell count. Therefore, effectively controlling the increase of Th2-type cells or facilitating cell differentiation to the Th1 cell type to inhibit cytokine generation is one of the popular areas in the investigation of therepeutic agents for asthma (Hwang et al., 2011; Han et al., 2012; Shin et al., 2013) . A previous study found that the transcription factor GATA, from the zinc finger protein family, plays an important role in the regulation of T-cell development into Th2 cells. It is upregulated during asthma pathogenesis and participates in a variety of inflammatory reaction processes. The pSTAT6 sequence has a high level of homology with others in the STAT family. pSTAT6 expression also increases during the pathogenesis of asthma, which indicates that pSTAT6 and GATA3 have different regulatory roles in this process (Mandal et al., 2010; Poritz et al., 2010; McCallister et al., 2013) .
Boswellic acid, from frankincense, is a drug that can arrest pain by regulating respiratory rhythm and promoting blood circulation. It has significant therapeutic effects in various diseases, such as oral cavity ulcer, heart pain, and cancer. Additionally, an antitumor effect has also been reported. Clinically, it is one of the main drugs used in the treatment of asthma. Several studies have hypothesized that boswellic acid functions by affecting inflammatory factors; however, the exact mechanism is not yet clear (Ticconi et al., 2013; Bezerra et al., 2014) . Our study investigated the role of boswellic acid in combination with the asthma-associated transcription factors pSTAT6 and GATA3 with a view to discover its mechanism of action in asthma.
MATERIAL AND METHODS

Animal information
SPF grade BALB/c male mice (6 to 7 weeks old) were bred in an experimental animal center in Jinan, Shandong. The mice weighed 18 to 22 g and were randomly divided into normal control, asthma, and boswellic acid groups with 12 mice in each group. Mice in the asthma group were 6.5 weeks old, and the average weight was 20.12g; mice in the control group were 6.3 weeks old with an average weight of 21.12 g; mice in the treatment group were 6.7 weeks old and the average weight was 20.32 g. No statistical differences were observed in the animals' age and weight in each group. All animals were raised and handled in strict accordance with the Animal Ethical Standard; this study was approved by the Ethics Committee of the Experimental Animal Center in Jinan, Shandong Province.
Reagents
The RNA extraction kit was bought from TaKaRa Company (Dalian, China), and the RT-PCR kit was obtained from Promega (Madison, WI, USA). Reagents used for the Western blot were obtained from Beyotime Company. Primary antibodies for pSTAT6, GATA3, and β-actin were obtained from Xinlebio Company (Shanghai, China). The primers used in the study are shown in Table 1 . 
Methods
Asthma modeling
To establish the asthma model (Poritz et al., 2010) , 0.2 mL sensitization liquid [containing 0.15 mL aluminum hydroxide gel at 88.67 mg/mL and 0.05 mg ovalbumin (OVA)] was injected intraperitoneally at 0, 7, and 14 days. After 3 weeks, the animals were maintained in airtight atomization inhalation cases. Saline (200 μL) was injected intraperitoneally, and after 30 min, the mice were excited with 1% OVA atomization for 30 min to trigger asthma. The control group were administered normal saline. Boswellic acid (100 mg/kg) was injected intraperitoneally before atomization excitation in the treatment group. The animals were sampled 24 h after the last excitation.
Reverse transcription polymerase chain reaction (RT-PCR)
The peripheral blood was collected, and total RNA was extracted by using Trizol. The extracted RNA was reverse transcribed into cDNA by using PCR. The cycling conditions consisted of an initial single cycle of 5 min at 94°C, followed by 35 cycles of 30 s at 94°C, 25 s at 56°C, and 60 s at 72°C. The PCR products were subsequently detected by agarose gel electrophoresis.
Western blot analysis
Peripheral blood was collected and homogenized with lysis buffer. Total protein was separated by using denaturing 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The proteins were detected by using simple Western assay. The antibody dilutions in the ratio of 1:200 were used for p-STAT6, GATA3, and β-actin. Protein levels were normalized to β-actin and differences were determined.
RESULTS
mRNA expression of pSTAT6 and GATA3
The mRNA expression of pSTAT6 and GATA3 is shown in Figure 1A and B. pSTAT6 and GATA3 mRNA expressions in the asthma group were significantly higher than those in the control and treatment groups. In particular, changes in the GATA3 expression were positively correlated with pSTAT6 expression. 
Protein expression of pSTAT6 and GATA3
Protein expression of pSTAT6 and GATA3 is shown in Figure 2 , and the protein levels were calculated from the corresponding bands and listed in Table 2 . pSTAT6 and GATA3 protein expression in the asthma group was significantly higher than in the control and treatment groups. Changes in GATA3 expression were influenced by pSTAT6, and hence, GATA3 was shown to be positively correlated with pSTAT6. 
DISCUSSION
Asthma is one of the most commonly occurring bronchial diseases. It is caused by bronchial convulsion and inflammation, resulting in restriction of airflow. It seriously affects the lives of patients (Hwang et al., 2011; Han et al., 2012; Shin et al., 2013) . The main clinical manifestations include airway subepithelial fibrosis, basement membrane thickening, and smooth muscle hyperplasia that can cause airway narrowing and sustained hyper-responsiveness, which result in irreversible airflow obstruction. Currently, research in asthma pathogenesis focuses on the impact of inflammation such as changes in eosinophil and lymphocyte concentrations. Clinical treatment mainly depends on the use of on anti-inflammatory drugs such as curcumin, which has an effective anti-inflammatory and antioxidative function to relieve asthma and aid in lung reconstruction and recovery. Other drugs such as glucocorticoid hormones are also effective.
The transcription factor GATA3 belongs to the GATA zinc finger family of proteins that plays a key role in regulating the Th2 activation process. Several studies have confirmed that it was overexpressed in the pathogenesis of asthma. pSTAT6 is one of STAT6 gene products, and its DNA sequence is highly homologous with the others in the same family. A transcriptional activity area was found at STAT6's carboxyl end. Its phosphorylation plays a key role in interleukin-4-induced STAT6 activation. In addition, pSTAT6 expression also appears to increase in the pathogenesis of asthma. All of these indicate that pSTAT6 and GATA3 have different pathological functions (Mandal et al., 2010; Poritz et al., 2010; McCallister et al., 2013) .
In our study, we selected boswellic acid for its anti-inflammatory and antioxidant effects, and because it is an effective drug in the clinical treatment of asthma. Several studies have shown that boswellic acid can significantly reduce the incidences of asthma (Mandal et al., 2010; Ticconi et al., 2013; Bezerra et al., 2014; Fatima and Osunkoya, 2014) . It was found that not only can boswellic acid be used to treat asthma but also exert antitumor effects. Furthermore, it was effective in treating rheumatism, rheumatoid arthritis, colitis, and inflammatory reactions (Yao et al., 2011; Dubovsky et al., 2011; Souza et al., 2012; Li et al., 2013; Menet et al., 2013; Chakilam et al., 2013) . Due to the relationship between asthma and inflammation, we found it valuable to investigate the expression of transcription factors associated with the inflammatory reaction to clarify the mechanism of action of boswellic acid.
Thirty-six SPF BALB/c mice were randomly divided into three groups: normal control, asthma, and boswellic acid treatment. The asthma model was established through sensitization and stimulation by aluminum hydroxide and OVA, respectively. RT-PCR and Western blot analyses were used to detect the expressions of pSTAT6 and GATA3 in peripheral blood. Boswellic acid was found to be effective in improving the phenotype of asthma in mice; the expressions of both pSTAT6 and GATA3 decreased. In particular, GATA3 expression was positively correlated with pSTAT6, which indicated a certain regulatory relationship between pSTAT6 and GATA3. As we know, pSTAT6 can be regulated by many factors in the body and change in pSTAT6 correlates with many diseases (Batra et al., 2004; Thunberg et al., 2010; Chen et al., 2013; Yao et al., 2013; Irvin et al., 2014) . Our present results prove that after boswellic acid treatment, GATA3 is downregulated following a decrease in pSTAT6, which indicates that boswellic acid may improve the asthma phenotype by inhibiting pSTAT6 and thus influencing GATA3 expression (Tachdjian et al., 2010) .
